Mechanism of high trehalose accumulation in a spore clone isolated from Shirakami kodama yeast.
The intracellular trehalose levels in Shirakami kodama yeast, a strain of Saccharomyces cerevisiae, isolated in 1997 from leaf mold in the Shirakami Mountains and since used as a commercial baker's yeast, are remarkably high, which presumably is related to its tolerance of freezing and drought conditions. We isolated a spore clone from Shirakami kodama yeast with about 1.7-fold higher intracellular trehalose levels than the parental strain and set out to elucidate how this spore clone can accumulate intracellular trehalose to such a high concentration. The gene for trehalose 6-phosphate synthase, TPS1, was duplicated in this spore clone. Both TPS1 genes contributed to the high level of intracellular trehalose as a 3.4-fold decrease resulted from the disruption of one of the two TPS1 genes. Both Msn2 and Msn4, which bind to stress responsive elements in the promoter region of TPS1, were required for production of high levels of trehalose. Furthermore, the neutral trehalase activity of this spore clone is about 3-fold less than that of the laboratory strain although the gene for neutral trehalase, NTH1, functioned normally. These findings indicate that two TPS1 genes and the low trehalase activity are associated with high trehalose accumulation in this spore clone. The wide range of stresses of which we found the spore clone to be tolerant makes this yeast very attractive for commercial application and for further research into the mechanisms underlying stress responses and trehalose metabolism.